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M1071.1863 

SECTOR ANTENNA APPARATUS AND VEHICLE-MOUNTED 
TRANSMISSION AND RECEPTION APPARATUS 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a sector antenna apparatus suitable for use in, 
for example, wide-angle sensor radar systems, etc., and to a vehicle-mounted 
5 transmission and reception apparatus, such as a radar apparatus or a communication 
apparatus, having the sector antenna apparatus. 

2. Description of the Related Art 

A first sector antenna apparatus of the related art is disclosed in, for example, 
Japanese Unexamined Patent Application Publication No. 1 1-168318 in which a 

10 plurality of hom antennas which extend radially are switched by an antenna 

changeover switch so as to emit beams of high-frequency electromagnetic-wave 
radiation (radio-frequency signal), such as microwaves or millimeter waves, in, for 
example, all 360° directions. 

A second sector antenna apparatus of the related art is disclosed in, for 

15 example, Japanese Unexamined Patent Application Publication No. 9-284045 in 

which a plurality of element antennas with directivity in different horizontal planes are 
positioned at different heights so that the central axes of the element eintennas are 
substantially aligned in the vertical direction. 

In the second sector antenna apparatus of the related art, some of the element 

20 antennas have a different horizontal aperture length so as to cover all directions at a 
crossover level of -3 dB in adjacent element antennas and at substantially the same 
gain. 

In the first sector antenna apparatus of the related art, the shape of the hom 
antennas is generally designed so that the hom antennas have the same antenna 
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characteristics, such as beam width and antenna gain. Therefore, the sector antenna 
apparatus has substantially the same directivity in all directions. 

However, a sector antenna apparatus applied to, for example, a vehicle- 
mounted wide-angle sensor radar apparatus must be able to detect objects, such as 
5 obstructions and other vehicles, distant from the vehicle in the forward direction, 

whereas such a sector antenna apparatus can only detect objects, such as obstructions, 
near the vehicle in the right and left direction. Therefore, different antenna 
characteristics may be required depending upon the detection direction. 

A sector antenna apparatus having the capability of detecting objects distant 
10 therefrom in all directions requires a high angular resolution for distant detection of 
objects, and requires more hom antennas to support detection in all directions. Thus, 
the production cost increases, and the size of the overall sector antenna apparatus also 
increases. 

In the related art, patch antennas are mainly used in a vehicle-mounted wide- 
15 angle sensor radar system. The patch antennas generally have narrow-bandwidth 
characteristics, and mass production of patch antennas with necessary antenna 
characteristics is difficult due to fluctuation of manufacturing imperfections, etc., 
resulting in low manufacturing yield. Since the directional characteristics of the patch 
antennas cannot be freely controlled, the patch antennas may not meet the antenna 
20 performance required for the radar system. 

In the second sector antenna apparatus of the related art having a combination 
of element antennas with different horizontal aperture lengths, every two element 
antennas having the same aperture length are paired so that a first antenna pair has a 
directivity opposite to that of a second antenna pair, and the pairs of element antennas 
25 are positioned at different heights in the vertical direction in order to reduce the size of 
the sector antenna apparatus in the circumferential direction. This cannot achieve 
different antenna characteristics, such as angular resolution and antenna gain, in the 
opposite directions, leading to a problem in that the required antenna characteristics 
are not necessarily achievable in the required direction. 
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In the second sector antenna apparatus of the related art, the plurality of 
element antennas eire located at different positions in the vertical direction, thus 
increasing the size of the sector antenna apparatus in the vertical direction. It may 
therefore be difficult to apply such a sector antenna apparatus to a system whose 
5 height is limited. 

SUMMARY OF THE INVENTION 

In view of the foregoing problems of the related art, it is an object of the 
present invention to provide a sector antenna apparatus and vehicle-mounted 
transmission and reception apparatus in which the required antenna characteristics can 

10 be achieved in each beam radiation direction. 

In an aspect of the present invention, a sector antenna apparatus includes a 
plurality of hom antennas for radiating beams in different directions; and an antenna 
changeover switch for changing over the plurality of hom antennas, wherein a hom 
antenna of the plurality of hom antennas which emits beam radiation in a high- 

1 5 angular-resolution direction of the directions has a large aperture so as to have a 

narrow beam width, and a hom antenna of the plurality of hom antennas which emits 
beam radiation in a low-angular-resolution direction of the directions has a small 
apertxire so as to have a broad beam width. 

Thus, the hom antenna having a large aperture with a narrow beam width has 

20 high angular resolution and high antenna gain, and the detection or communication 
distance of this hom antenna is long. On the other hand, the hom antenna having a 
small aperture has low antenna gain and has a short detection distance, although the 
broad beam width of this hom antenna allows for a wide-angle detection or 
communication range. Therefore, the required antenna characteristics, such as angular 

25 resolution, beam width, and antenna gain, can be achieved in the required direction. 

The hom antennas having different aperture areas and different angular 
resolutions are combined, thus allowing for detection or communication over the 
entire required angular range using the minimum number of hom antennas. Therefore, 
the sector antenna apparatus having a small number of hom antennas can be compact. 
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The number of changeovers of the antenna changeover switch is also reduced, and the 
antenna changeover switch has a simple structure, thus reducing the production cost. 

The plurality of horn antennas may be mounted on a vehicle. Preferably, a 
horn antenna of the pluraUty of hom antennas which emits beam radiation in the 
5 forward direction or backward direction of the vehicle has a large apertxire, and a hom 
antenna of the plurality of hom antennas which emits beam radiation in the right 
direction or left direction of the vehicle has a small aperture. 

The hom antenna having a large aperture is positioned so as to emit beam 
radiation in the forward and backward direction of the vehicle, and has high antenna 
10 gain in the forward and backward direction of the vehicle corresponding to the 
traveling direction thereof. This hom antenna is therefore able to detect or 
communicate with objects, such as obstmctions and other vehicles, distant from the 
vehicle. On the other hand, the hom antenna having a small aperture is positioned so 
as to emit beam radiation in the right/left direction of the vehicle, and can detect only 
15 objects, such as obstructions, near the vehicle, although the broad beam width of this 
hom antenna allows for a wide-angle detection range. 

The antenna changeover switch may be a high-frequency changeover switch 
formed using micromachine technology. 

Therefore, the loss of the antenna changeover switch can be reduced, and the 
20 isolation among the hom antennas can be improved. Therefore, signal interference 
between a given hom antenna and an adjacent hom antenna having lower angular 
resolution can be prevented. 

In another aspect of the present invention, a vehicle-mounted transmission and 
reception apparatus, such as a radar apparatus or a communication apparatus, includes 
25 the sector antenna apparatus of the present invention. Therefore, the overall 

transmission and reception apparatus can be compact, and such a transmission ctnd 
reception apparatus can easily be mounted on a vehicle or the like having a small 
installation space for the transmission and reception apparatus. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of a sector antenna apparatus according to a first 
embodiment of the present invention, v^hich is mounted on a vehicle; 

Fig. 2 is a perspective view of the sector antenna apparatus according to the 
5 first embodiment; 

Fig. 3 is an exploded perspective view of the sector antenna apparatus shown 
in Fig. 2; 

Fig. 4 is a plan view of the sector antenna apparatus according to the first 
embodiment; 

10 Fig. 5 is a plan view of a sector antenna apparatus according to a second 

embodiment of the present invention, which is mounted on a vehicle; 

Fig. 6 is a plan view of the sector antenna apparatus according to the second 
embodiment; 

Fig. 7 is a perspective view of a wide-angle sensor radar apparatus according 
15 to a third embodiment of the present invention; 

Fig. 8 is a block diagram of the wide-angle sensor radar apparatus according to 
the third embodiment; and 

Fig. 9 is a perspective view of a sector antenna apparatus according to a 
modification of the present invention. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A sector antenna apparatus and a vehicle-mounted transmission and reception 
apparatus according to embodiments of the present invention are described below in 
detail with reference to the drawings in the context of a vehicle-mounted wide-angle 
sensor radar apparatus. 

25 Figs. 1 through 4 show a sector antenna apparatus 1 according to a first 

embodiment of the present invention. The sector antenna apparatus 1 is mounted on 
each of the right and left sides of a vehicle A, and includes a casing 2, six horn 
antennas 5A through 5F, and an antenna changeover switch 6. 
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The sector antenna apparatuses 1 mounted on the right and left sides of the 
vehicle A preferably have a symmetrical structure. In the following description, the 
sector antenna apparatus 1 mounted on the right side of the vehicle A is used by way 
of example. In Fig. 1 , 9 indicates the bearing angle, wherein it is assumed herein that 
5 the angle 0 is 0° (9 = 0°) when it indicates the forward direction of the vehicle A and 
increments clockwise. 

The casing 2 of the sector antenna apparatus 1 is made of conductive metal 
material, and is shaped into, for example, a substantially semicircular box. The casing 
2 is formed of a lower casing 3 in the part lower than the center in the height direction, 

10 and an upper casing 4 which is placed on the lower casing 3. The lower casing 3 and 
the upper casing 4 are semicircular, and the six hom antennas 5A through 5F are 
arranged between the lower casing 3 and the upper casing 4, which are put together. 

The hom antennas 5A through 5F accommodated in the casing 2 preferably are 
metal rectangular waveguide hom antennas, and radially extend towards the arc end of 

15 the casing 2 from the center thereof. The hom antennas 5 A through 5F are arranged 
on substantially the same plane. The proximal end of each of the hom antennas 5 A 
through 5F is positioned in the center of the casing 2 so as to form a waveguide having 
a rectangular cross-section, and the distal end thereof gradually spreads so as to be 
open at the arc end of the casing 2. 

20 The proximal ends of the hom antennas 5 A through 5F are connected with an 

oscillator (not shown) via the antenna changeover switch 6, as described below. The 
hom antennas 5A through 5F have apertures in different directions in a range of, for 
example, 180^ from the forward to backward directions of the vehicle A so that high- 
frequency signals output from the oscillator are emitted in the different directions. 

25 In the hom antennas 5A through 5F, the hom antennas 5A through 5C having 

apertures in the forward direction of the vehicle A are able to radiate high-frequency 
signal beams B to objects ahead of the vehicle A (for example, 0 = approximately 0^ 
to 60°), and the aperture areas of the hom antennas 5 A through 5C are larger than 
those of the other hom antennas 5D through 5F. The hom antenna 5D having an 

30 aperture in the right or left direction of the vehicle A is able to radiate a high- 

6 

80757 



frequency signal beam B to the side of the vehicle A (for example, 0 = approximately 
60° to 120°), and the aperture area of the horn antenna 5D is smaller than the aperture 
areas of the other horn antennas 5A through 5C, 5E, and 5F. The horn antennas 5E 
and 5F having apertures in the backward direction of the vehicle A are able to radiate 
5 high-frequency signal beams B to objects behind the vehicle A (for example, 9 = 
approximately 120° to 180°), and the aperture areas of the hom antennas 5E and 5F 
are smaller than those of the hom antennas 5 A through 5C, and are larger than that of 
the hom antenna 5D. 

Thus, the hom antennas 5 A through 5C emit high-frequency signal radiation 

10 with a narrow beam width Wl to objects ahead of the vehicle A, and the hom antenna 
5D having an aperture in the side direction emits high-frequency signal radiation with 
a broad beam width W2 to the right or left of the vehicle A. The hom antenneis 5E and 
5F emit high-frequency signal radiation with a beam width W3 broader than the beam 
width Wl and narrower than the beam width W2 to objects behind the vehicle A. 

15 The antenna changeover switch 6 located in the center of the casing 2 is 

formed using micromachine technology including highly accurate etching on a 
semiconductor substrate 6A, such as a silicon substrate, and is formed of a high- 
frequency signal changeover switch (i.e., RF-MEMS (radio-frequency 
microelectromechanical system)) formed of a monolithic microwave integrated circuit 

20 (MMIC) device or the like. The anteima changeover switch 6 is connected with the 
proximal ends of the hom antennas 5 A through 5C by converting transmission lines, 
such as microstrip lines, coplanar guides, and slot lines, formed on the substrate 6A 
into waveguides. 

The antenna changeover switch 6 is held between the lower casing 3 and the 
25 upper casing 4, and is positioned at the intermediate portion in the height direction of 
the casing 2. The antenna changeover switch 6 connected to the proximal ends of the 
radially arranged hom antennas 5A through 5F is an SP6T (Single-Pole Six-Throw) 
switch for the six hom antennas 5 A through 5F, and is connected between an external 
oscillator (not shown) or the like and the six hom antennas 5A through 5F so as to 
30 selectively connect the hom antennas 5A through 5F to the oscillator. 
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The antenna changeover switch 6 is not Umited to an SP6T switch, and may be 
an SPnT switch depending upon the number of horn antennas, where n is two or more. 

The vehicle A may also be equipped with an ACC (Adaptive Cruise Control) 
antenna (not shown), in addition to the sector antenna apparatus 1, to detect objects, 
5 such as obstructions, ahead of the vehicle A (for example, 9 = -30° to +30°) using the 
ACC antenna. 

In the sector antenna apparatus 1 of the first embodiment, the antenna 
changeover switch 6 is connected to an oscillator or the like so as to sequentially 
change over the hom antennas 5 A through 5F to connect to the oscillator. Thus, the 

10 hom antennas 5 A through 5F sequentially emit radiation of high-frequency signals 
output from the oscillator to objects ahead of the vehicle A to objects behind the 
vehicle A, and receive reflection waves of the high-frequency signal radiation 
reflected by an obstruction, such as a different vehicle. The phase difference between 
the reflection waves and transmission waves formed of the high-frequency signals 

15 output from the oscillator is detected, thereby determining the distance between the 
vehicle A and the obstruction. 

Li the first embodiment, therefore, the aperture areas of the hom antennas 5 A 
through 5F differ from each other. The hom antennas 5A through 5C having large 
apertures with the narrow beam width Wl have high angular resolution and high 

20 antenna gain, and the detection or communication distance of the hom antennas 5A 
through 5C is long. On the other hand, the hom antenna 5D having a small aperture 
has low antenna gain and has a short detection distance, although the hom antenna 5D 
with the broad beam width W2 has a wide-angle detection or communication range. 

Generally, a wide-angle sensor radar apparatus moimted on the vehicle A, such 

25 as an automobile, must have fimctions of detecting vehicles squeezing through in the 
forward direction of the vehicle A (for example, 9 = 0° ± 60°), detecting vehicles 
behind the vehicle A in the backward direction (for example, 9 = 1 80° ± 60°) when the 
vehicle A is to change lanes, and sensing collision of a vehicle behind the vehicle A in 
the backward direction (for example, 0 = 180° ± 30°). The forward and backward 

30 direction of the vehicle A corresponds to the traveling direction of the vehicle A or 
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other vehicles, and the radar apparatus must be able to detect objects distant from the 
vehicle A in this direction. In the right and left direction of the vehicle A (for 
example, 9 = 90^ ±30*^ and 0 = -90^ ± 30^), however, the radar apparatus can only 
detect objects near the vehicle A because objects, such as other vehicles, rarely 
5 approach the vehicle A in this direction when the vehicle A is traveling. 

In the first embodiment, the hom antennas 5A through 5C, 5E, and 5F capable 
of emitting radiation of the beams B in the forward and backward direction of the 
vehicle A have large apertures with the narrow beam widths Wl and W3 and have 
high antenna gain in the forward and backward direction of the vehicle A 

10 corresponding to the traveling direction thereof. The hom antennas 5 A through 5C, 
5E, and 5F are therefore able to detect or communicate with objects, such as 
obstructions and other vehicles, distant from the vehicle A. On the other hand, the 
hom antenna 5D capable of emitting radiation of the beam B in the right/left direction 
of the vehicle A has a small aperture, and can detect only objects, such as obstructions, 

1 5 near the vehicle A, whereas the hom antenna 5D with the broad beam width W2 has a 
wide-angle detection range. Consequently, the required antenna characteristics, such 
as angular resolution, beam width, and antenna gain, can be achieved in the required 
direction. 

The hom antennas 5 A through 5F having different apertiu-e areas and different 
20 angular resolutions are combined, thus allowing for detection of objects, such as other 
vehicles, in the whole required angular range (in this embodiment, 180*^) using the 
minimrmi number of hom antennas 5 A through 5F. Therefore, the nvmiber of hom 
antennas 5 A through 5F is smaller than the number of hom antennas with high angular 
resolution which are required in, for example, a sector antenna apparatus for detection 
25 over the entire required angular range, and the sector antenna apparatus 1 is thus more 
compact. Since the number of hom antennas 5 A through 5F is reduced, the number of 
changeovers of the antenna changeover switch 6 is also reduced, and the antenna 
changeover switch 6 has a simple stmcture, thus reducing the production cost. 

In the first embodiment, the sector antenna apparatus 1 formed of the plurality 
30 of hom antennas 5 A through 5F forms a vehicle-mounted wide-angle sensor radar 
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apparatus. Unlike, for example, patch antennas having narrow-bandwidth 
characteristics, due to the wide-bandwidth characteristics of the horn antennas 5 A 
through 5F, fluctuation of manufacturing imperfections, etc., is allowable, thus 
improving the productivity. The directions of the apertures of the hom antennas 5 A 
5 through 5F can be defined as desired, thereby readily improving the directional 
characteristics of the sector antenna apparatus 1, which reliably meets the antenna 
performance requirements for the radar system. 

The antenna changeover switch 6 is a high-frequency changeover switch 
integrated on a single substrate using micromachine technology, thus preventing 

10 leakage of high-frequency signals from coimection parts or the like, or preventing 

extemal noise from entering, compared to a changeover switch formed by combining a 
plxirality of parts, thus reducing the loss of the antenna changeover switch 6 while 
increasing the isolation among the hom antennas 5A through 5F. 

For example, when the hom antenna 5D with the broad beam width W2 is used 

15 for detection, the antenna changeover switch 6 can cormect only the hom antenna 5D 
to an extemal detection circuit or the like even if high-frequency signal radiation 
emitted from the hom antenna 5D or the reflection wave thereof is prone to enter the 
adjacent hom antenna 5C or 5E. Therefore, signal contamination or interference from 
the hom antenna 5C or 5E can be prevented, leading to high sensitivity of the sector 

20 antenna apparatus 1 . 

In the first embodiment, the hom antennas 5 A through 5F radiate the beams B 
over a range of angles of, for example, 0° to 60° in the forward direction of the vehicle 
A, eO"" to 120° in the side direction thereof, and 120° to 180° in the backward direction 
thereof. However, the present invention is not limited to these angles, and the angles 

25 in the forward direction, side direction (right/left direction), and backward direction of 
the vehicle A may be defined, as appropriate, depending upon the specification, etc., 
of the vehicle A. 

Figs. 5 and 6 show a sector antenna apparatus 1 1 according to a second 
embodiment of the present invention. In the second embodiment, the vehicle A is 
30 equipped with the sector anterma apparatus 1 1 at the rear side thereof. In the second 
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embodiment, the same components as those of the first embodiment are assigned the 
same reference numerals, and a description thereof is omitted. 

The sector antenna apparatus 1 1 mounted on the rear of the vehicle A includes 
a casing 12, hom antennas 13 A through 13F, and an antenna changeover switch 6, 
5 Like the casing 2 in the first embodiment, the casing 12 of the sector antenna 

apparatus 1 1 is preferably made of conductive metal material, and is shaped into, for 
example, a substantially semicircular box. The casing 12 accommodates the six hom 
antennas 13A through 13F. 

Like the hom antennas 5 A through 5F in the first embodiment, the hom 

10 antennas 13A through 13F accommodated in the casing 12 are metal rectangular 
waveguide hom antennas, and radially extend towards the arc end of the casing 12 
firom the center thereof. 

The hom antennas 13A through 13F are arranged on substantially the same 
plane. The proximal end of each of the hom antennas 13 A through 13F is positioned 

15 in the center of the casing 12 so as to form a waveguide having a rectangular cross- 
section, and is connected with the sintenna changeover switch 6. The distal end of 
each of the hom antennas 13 A through 13F gradually spreads so as to be open at the 
arc end of the casing 12, The hom antennas 13A through 13F have apertures in 
different directions in a range of, for example, 180^ fi-om the right to left with respect 

20 to the traveling direction of the vehicle A so that high-firequency signals supplied via 
the antenna changeover switch 6 are emitted in the different directions. 

In the hom antennas 13 A through 13F, the hom antennas 13C and 13D having 
apertures in the backward direction of the vehicle A are able to radiate high-fi^equency 
signal beams B to objects behind the vehicle A (for example, 6 = approximately 150° 

25 to 210°), and the aperture areas of the hom antennas 13C and 13D are larger than 

those of the other hom antennas 13 A, 13B, 13E, and 13F. The hom antennas 13A and 
13F having apertures in the left and right of the vehicle A are able to radiate high- 
frequency signal beams B to the left and right of the vehicle A (for example, 0 = 
approximately 90° to 120°and 0 = approximately 240° to 270°), respectively, and the 

30 aperture areas of the hom antennas 13A and 13F are smaller than those of the other 
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horn antennas 13B through 13E. The hom antenna 13B between the horn antennas 
13A and 13C, and the hom antenna 13E between the hom antennas 13F and 13D are 
able to radiate high-frequency signal beams B to objects behind the vehicle A (for 
example, 9 = 120'' to 150'' and 21 0"^ to 240^^), and the aperture areas of the hom 
5 antennas 13B and 13E are smaller than those of the hom antennas 13C and 13D and 
are larger than those of the hom antennas 13A and 13F. 

Thus, the hom antennas 13C and 13D emit high-frequency signal radiation 
with a narrow beam width Wl to objects behind the vehicle A, and the hom antennas 
13 A and 13F having apertures in the left and right of the vehicle A emit high- 

10 frequency signal radiation with a broad beam width W2 to the left and right of the 
vehicle A, respectively. The hom antennas 13B and 13E emit high-frequency signal 
radiation with a beam width W3 broader than the beam width Wl and narrower than 
the beam width W2 to objects behind the vehicle A. 

Therefore, the second embodiment can also achieve similar advantages to 

15 those of the first embodiment. 

In the second embodiment, the hom antennas 13A through 13F radiate the 
beams B over a range of angles of, for example, 120'' to 24^ in the backward 
direction of the vehicle A and 90° to 120° and 240° to 270° in the side direction 
thereof. However, the present invention is not limited to these angles, and the angles 

20 in the backward direction and side direction (right/left direction) of the vehicle A may 
be defined, as appropriate, depending upon the specification, etc., of the vehicle A. 

Figs. 7 and 8 show a vehicle-mounted wide-angle sensor radar apparatus 21 
according to a third embodiment of the present invention. In the third embodiment, 
the sector antenna apparatus of the present invention is integrated into a vehicle- 

25 mounted wide-angle sensor radar apparatus serving as a transmission and reception 
apparatus. In the third embodiment, the same components as those of the first 
embodiment are assigned the same reference numerals, and a description thereof is 
omitted. 

The radar apparatus 21 includes the sector antenna apparatus 1, a voltage- 
30 controlled oscillator 23, a high-frequency sub-module 24, and so on. 
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A circuit casing 22 is attached to the casing 2 so as to be adjacent to the 
antenna changeover switch 6 of the sector antenna apparatus 1, and accommodates the 
voltage-controlled oscillator 23, the high-frequency sub-module 24, and a power 
supply circuit 25 for suppl3dng a power voltage to drive the voltage-controlled 
5 oscillator 23, etc. The circuit casing 22 has a control- voltage terminal 22 A for 

supplying a control voltage to the voltage-controlled oscillator 23, etc., and an output 
terminal 22B for outputting the signal output from a mixer 29 described below to an 
extemal device. 

The voltage-controlled oscillator 23 is accommodated in the circuit casing 22, 

10 and is connected with the antenna changeover switch 6 via the high-frequency sub- 
module 24. The voltage-controlled oscillator 23 outputs a signal of a frequency in 
accordance with the control voltage input from the control-voltage terminal 22A, and 
supplies a high-frequency signal to a hom antenna of the hom antennas 5 A through 5F 
to which it is connected via the antenna changeover switch 6. 

15 The high-frequency sub-module 24 connected between the voltage-controlled 

oscillator 23 and the antenna changeover switch 6 includes at least one amplifier 26, a 
circulator 27, a branch coupler 28, and the mixer 29. The amplifier 26 and the 
circulator 27 are connected between the voltage-controlled oscillator 23 and the 
antenna changeover switch 6 to amplify the high-frequency signal output from the 

20 voltage-controlled oscillator 23 to supply the amplified signal to the antenna 
changeover switch 6. 

The branch coupler 28 is connected between the amplifier 26 and the circulator 
27 to branch the high-frequency signal amplified by the amplifier 26 to the mixer 29. 
The mixer 29 is connected with the antenna changeover switch 6 via the circulator 27, 

25 and is also connected with the branch coupler 28. The mixer 29 dowoi-converts a 
signal received by the hom antennas 5A through 5F into an intermediate-frequency 
signal IF using the high-frequency signal from the voltage-controlled oscillator 23. 

In the wide-angle sensor radar apparatus of the third embodiment, the high- 
frequency signal output from the voltage-controlled oscillator 23 is amplified by the 

30 amplifier 26, and the resulting signal is sent via the circulator 27 from any of the hom 
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antennas 5 A through 5F selected by the antenna changeover switch 6 as a transmission 
signal. A signal received by the horn antennas 5A through 5F is input to the mixer 29 
via the circulator 27, and is down-converted using the high-frequency signal branched 
by the branch coupler 28 into an intermediate-frequency signal IF, which is then 
5 output. 

According to the third embodiment, therefore, the wide-angle sensor radar 
apparatus 21 formed of the sector antenna apparatus 1 can be compact. 

In the third embodiment, the sector antenna apparatus 1 of the first 
embodiment is applied to the radar apparatus 21; however, the sector antenna 

10 apparatus 1 1 of the second embodiment may be applied to the radar apparatus 21. 

In the third embodiment, the sector antenna apparatus 1 is used to form the 
radar apparatus 21 serving as a transmission and reception apparatus. The sector 
antenna apparatus 1 or 1 1 of the present invention may also be applied to, for example, 
a communication apparatus serving as a transmission and reception apparatus. 

15 In the foregoing embodiments, the sector antenna apparatus 1 or 1 1 having a 

substantially semicircular shape is configured such that the six horn antennas 5A 
through 5F or 13 A through 13F are arranged over an angular range of 180°, However, 
the present invention is not limited to this configuration. As one modification of the 
present invention shown in Fig. 9, for example, a sector antenna apparatus 3 1 having a 

20 substantially circular casing 32 may be used, in which 12 hom antennas 33 which 

cover all 360° directions are accommodated in the casing 32, and the aperture areas of 
the hom antennas 33 differ from each other depending upon the required angular 
resolution, etc. 

In this modification, a flat antenna changeover switch 34 is located at the 
25 proximal ends of the 12 hom antennas 33 which extend radially, and a high-frequency 
circuit (not shown) including a voltage-controlled oscillator and so on are placed on 
the backside of the antenna changeover switch 34. The antenna changeover switch 34 
is connected between the high-frequency circuit and the hom antennas 33 for selective 
connection therebetween. 
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The sector antenna apparatus of the present invention is not necessarily 
semicircular or circular, but may be fan-shaped, polygonal, elliptical, or the like. 

While the rectangular waveguide horn antennas 5 A through 5F or 13A through 
13F are used in the foregoing embodiments, the present invention is not limited 
thereto, and ridge hom antennas, multi-mode hom antennas, or corrugated horn 
antennas may be used. 

In the foregoing embodiments, the sector antenna apparatus 1 or 1 1 of the 
present invention is applied to a vehicle-mounted transmission and reception 
apparatus; however, the present invention is not limited thereto. The sector antenna 
apparatus 1 or 11 may be applied to any transmission and reception apparatus having 
different antenna characteristics, such as angular resolution and antenna gain, in each 
direction, for example, a transmission and reception apparatus for use in a wireless 
LAN, etc. 

Although the present invention has been described in relation to particular 
embodiments thereof, many other variations and modifications and other uses will 
become apparent to those skilled in the art. It is preferred, therefore, that the present 
invention be limited not by the specific disclosure herein, but only by the appended 
claims. 
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